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t571 ABSTRACT 
A mobile platform (B) for transit about a working face 
(51) of a truss. The truss has a grid of node guide pins 
(54) having stationary sprockets (54D). The platform 
(B) has a rail system (52) comprised of transversely 
disposed T-shaped tracks (60), direction changing 
means (58) at their intersections and retractable, revers- 
ible chain drive systems (22). The chain drive (22) selec- 
tively engages the sprockets (54D) of the guide pins (54) 
providing selective movement of the platform (B) in 
two orthogonal directions (L and T). The present in- 
vention provides a near-uniform traversing velocity 
with minimal dynamic loading on the system. Pivoting 
changers (C1 and C2) move the platform (B) from one 
face (51) to another. 
19 Claims, 7 Drawing Sheets 
https://ntrs.nasa.gov/search.jsp?R=19880017014 2020-03-23T20:06:03+00:00Z
U.S. Patent ~ u i .  19,1988 Sheet 1 of 7 4,757,767 
A / 
5lL 
FIG.1 
Patent JU~. 19,1988 Sheet 2 of 7 4,757,767 
F lG .2  
F 
20- 
I G . 3  
0 
US. Patent JU~. 19,1988 Sheet 3 of 7 4,757,767 
U.S. Patent JU~. i9,igss Sheet 4 of 7 4,757,767 
f1g.5 
F lG.6 
US. Patent JUL 19,1988 Sheet 5 of 7 4,757,767 
FIG.7  
L 
\ 
68 1 
T 
F l G . 8  
U.S. Patent JU~. 19,1988 
F I G.11 
\ I  5 
5 
F lG.13 
Sheet 6 of 7 4,757,767 
f1g50 
5iU- 
F IG.12 
51u 
F I G.14 
38 51u 
40 
B 
F I G.15 F 1.G .I6 
U.S. Patent JU~.  19,1988 Sheet 7 of 7 4,757,767 
4,757,767 
1 2 
selectively to follow predetermined routes or courses in 
the said system. 
Sullivan et a1.-U.S. Pat. No. 3,709,381-an article 
transporting system made up of a large number of indi- 
5 vidual modules, each of which is a complete and inde- 
pendent conveyor within itself. 
aCbs-u.s. pat. N ~ .  3,672,307-~ load handling 
vehicle equipped with a steering and traction wheel and 
an overhead guide assembly co-acting with fEed over- 
MOBILE REMOTE MANIPULATOR SYSTEM FOR 
A T E W D R A L  TRUSS 
ORIGIN OF THE INVENTION 
The invention described herein Was made by em- 
ployee(s) Of the u*s* Government and may be 
tured and used by O r  for the G o v ~ ~ e n t  of the United 
States of America for governmental purposes without 
the payment of any royalties thereon or therefor. 
BACKGROUND OF THE INVENTION 
head linear tracks. 
Fonden-U.S. Pat. No. 3,356,040-a driving means 
for use in conveyor systems in which a rotating shaft is 
employed for the driving of trucks that move on tracks. 
1. Field of the Invention. C. Rogers et al.-U.S. Pat. No. 3,273,727-an appara- 
This invention relates generally to a material ban- 15 tus for the horizontal handling of a load, adaptable for 
remote control, having a floor, a pallet for use in con- 
junction with said floor, means for providing a fluid film 
between said pallet and said floor, and means for propel- 
ling said pallet over said floor. 
Stein-U.S. Pat. No. 3,253,552-a system having a 
horizontal ceiling track in a movable wall, including 
parallel, spaced apart planar support members, a wall 
panel, and a trolley system which supports said wall 
panel or a movable load and which cooperates with 
Hellner-U.S. Pat. No. 3,094,941-track system con- 
sisting of parallel spaced rails having support surfaces 
extending substantially parallel with the plane of said 
track system, adapted to Support a mndAe camage 
Bel Geddes-U.S. Pat. No. 2,943,579-a stage light 
suspended from and moveable with respect to a two-di- 
two pairs of ball bearing rollers which are held by slot- 
Ferris-U.S. Pat. No. 460,959-a hay-carrier track 
The systems described in patents such as Hellner, P. 
in 40 require the placement of rails or tracks along or above 
dling system and more partlcdarly to a mobfie Platform 
for the transportation of gooh  and Personnel on the 
trusses which serve as work areas on a space Station. 
2. Description of Related Art. 
The most closely related device has been studied by 20 
Langley Research Center of the National Aeronautics 
and Space Administration (NASA). This device walks 
on nodes and employs stationary tracks on the mobile 
platform itself. It utilizes a push-pull device to provide 
movement. See NASA TP  2108, entitled “A Mobile 25 overhead tracks. 
Work Station Concept for Mechanically Aided Astro- 
naut Assembly of Large Space Trusses”, dated March 
1983 and JSC-19989, entitled “Space Station Reference 
Configuration Description”, dated August 1984, pages 
622-636. The disadvantage of this device is that since it 30 thereon. 
uses a push-pull system for mobility, it is apparent that 
the traversing velocity will be non-uniform and can be 
the system is canr*g large massive items such as mod- 
des, dynamic loading in the arms of the remote manipu- 35 ting rails* 
lator system can be very significant. 
changing abruptly at the start and end at each stroke. If RlellSional ceiling grid, such that the suspension useS 
Other related devices comprise the following patents: having a rail which engages a pin* 
Gibbs-u*S‘ Pat’ No’ 493729219-a Cart having Or- 
Rogers et al., Bel Geddes, Stein, Williams, and Richins 
directions a grid Of rds; the desked path of travel, thus reducing the useful sur- 
face area of the object upon which the rails are placed. 
thogonauy disposed and to 
Groger-u.S* pat‘ No’ 49217?070-system for placing 
items, such as motor vehicles in garages, having shift- However, the Mobile Remote Manipulator System plates and Occupying a plurality Of (referred hereafter as the “MRMS”) of the present in- 
plate positions arranged throughout the 45 vention requires no rail placement on or above the sur- tive 
availab1e area in rows, which are transverse to each 
other and at right angles to each other. 
Williams-U.S. Pat. No. 3,879,799-multidirectional 
face of travel, but instead travels along a grid of guide 
pins which are located at the intersections of the ele- 
merits forming the truss. These guide pins allow for 
suspension system for operable partitions having an transit about a work plane while freeing the over- 
overhead track defining a Pair OfVerticallY spaced roll- 50 whelming majority of the surface area and exterior for 
er-way defining ledges disposed on either side of the other uses. 
track, and Carriers for suspending the partition panels Additionally, the M ~ S  of the present invention 
from the track, with each carrier being in the form of a avoids the two-dimensional movement idtations of 
pendant bolt operating between the track ledges and Hellner, Stein and Williams, which allow only horizon- having coaxially journaled thereon for rotation there- 55 tal motion, and have no self-propulsion Unlike P. Ro- 
about a Pair of discs each defining a downwudlY facing gers et al., C. Rogers et al., Sullivan et al., Groger, 
load Support side surface, and with the load Support side Stein, Williams, Richins and probably Hellner, the 
surfaces of one of the discs riding on one of the ledges M ~ s  of the present invention may propel itself at 
free of contact of the other ledge, and the other of the near-uiform velocity, in longitudinal or transverse 
ledges free of contact of the fust ledge. 60 directions and in three-dimensional space onto planes at 
P. Rogers et al.-U.S. Pat. No. 3,845,718, a car for a a plurality of angles relative to one another. Unlike 
tracked transporter system, supported upon wheels Williams, the MRMS of the present invention may re- 
each of which is mounted SO that it can swivel about an main in place on the surface of a truss, for instance, 
upright axis and one or more of which are drivable by irrespective of gravity. 
a poser unit carried upon the car, the car being further 65 Unlike Richins, the MRMS of the present invention 
provided with automatically actuated steering means in requires contact with only one planar surface at one 
the track of the system and operative for imparting time. P. Rogers et al., C. Rogers et al., Sullivan et al., 
swiveling movement to the said wheels to cause the car Groger and perhaps Hellner teach systems which allow 
4,757,767 
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a moving platform or other object to move in two or- 
thogonal directions, while implicitly depending upon 
the force of gravity to secure the platform to the sur- 
face. However, the MRMS of the present invention 
employs guide pins which allow a platform to remain 5 
secured to the surface while being transported in either 
longitudinal or lateral directions and onto planes at a 
plurality of angles relative to one another, in three-di- 
mensional space. 
Groger and perhaps Hellner require equipment to en- 
able both the translation and direction changing of the 
platform. However, because all the propulsion and di- 
rection changing equipment is located within the plat- 
form system element in the MRMS of the present inven- 15 
tion, there is no need to occupy the surface upon which 
the platform travels with equipment other than guide 
SUMMARY OF THE INVENTION 
The Mobile Remote Manipulator System (MRMS) of 
the present invention generally comprises a moving 
platform for transit about a grid of node guide pins 
attached to the working face of a truss. The platform 
has a rail guide system and a reversible chain drive 25 
system, attached to its underside. The rails are formed 
with T-shaped slots to engage the specially designed 
guide pins to allow the platform to slide along the guide 
pins in either a longitudinal or transverse direction. The 
platform may stop and change direction to travel in a 30 
direction at right angles to the previously travelled 
direction by rotation of a direction changer which is 
part of the rail system. The platform is propelled along 
the grid by engagement of the chain drive with the 
Pivoting platforms may be mounted on the truss 
structure to allow the mobile remote manipulator sys- 
tem to change work planes. 
The primary advantage of the present invention is 
that the continuous motion drive system reduces dy- 40 
namic loading on the cargo and handling equipment. 
The basic concept of the present invention is particu- 
larly adapted for use on a truss type structure; however, 
the present invention may also be used with any large 
planar surface structure having a grid of guide pins. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is schematic view of the Mobile Remote Ma- 
nipulator System (MRMS) shown mounted on a tetra- 
hedral panel of a delta space station. 
FIG. 2 is a planar view of the rail system attached to 
the underside of the MRMS platform with a schematic 
of the gkd of guide pins with which the rail system 
cooperates. 
FIG. 3 shows a cross-sectional view through a direc- 55 
tion changer, relative to a guide pin and truss juncture. 
FIG. 4 shows a partial exploded view of the MRMS, 
with the rail and drive system, the guide pins and 
sprockets, the disengagement sequence, and the direc- 
FIG. 5 shows VIEW X of FIG. 4, the engagement of 
guide pins into rails. 
FIG. 6 shows VIEW Z of FIG. 4, a rail segment 
pivot. 
FIG. 7 shows SECTION Y-Y of FIG. 4, a sche- 65 
matic for chain drive engagement and disengagement. 
FIG. 8 shows a schematic of chain drive conversion 
to longitudinal travel. 
Additionally, Fonden, C. Rogers et al., Sullivan et al., 10 
pins. 
20 
sprockets on the guide pins. 35 
45 
50 
tion changers. 60 
4 
FIGS. 9 through 12 show a schematic of transfer 
FIGS. 13 to 16 show schematics of the transfer 
FIG. 17 is a schematic view of a dual keel space 
around the apex of two tetrahedral panels. 
around the edge of tetrahedral panels. 
station, including the MRMS. 
DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 
FIG. 1 shows a delta space station formed of tetrahe- 
dral trusses A. The delta space station is fully disclosed 
in U.S. Pat. No. 4,579,302 dated 1 Apr. 1986, and enti- 
tled “Shuttle-Launch Triangular Space Station.” Each 
truss A includes a face or working surface 51 such as 
upper and lower working surfaces, 51U and 51L respec- 
tively, and end surface 51E. A moving platform system 
B of the present invention is shown on the upper surface 
51U and provides support for a remote manipulator 
system R. A plurality of pivoting changing platforms 
C1 and C2 are shown extending between two trusses A, 
such as platform C1, or extending from the end surface 
51E, such as platform C2. The platforms C1 and C2 are 
used to transport the moving platform system B from 
one working surface 51 to another as will be more fully 
set forth below. 
As is best shown in FIGS. 2 and 4, the mobile remote 
manipulator system of the present invention includes a 
grid of guide pins 54 extending from a supporting planar 
surface, such as the working surface 51. The plurality of 
guide pin means 54 extend in a uniform pattern from the 
supporting planar surface 51 for guiding movement in a 
plane parallel to and slightly spaced apart from the 
supporting planar surface 51. The guide pins 54 are 
formed having a rail engagement end 54R and a drive 
engagement portion 54D as shown in FIG. 7. 
As can be seen in FIG. 4, for movement of the plat- 
form B about the grid of guide pins 54, the platform B 
has a rail guide system 52 and a reversible chain drive 
system 22 attached to its underside. The rails 60 are 
formed having T-shaped -slots 20 to engage the rail 
engagement end 54R of the guide pins 54 allowing the 
platform to slide along the guide pins in either a longitu- 
dinal L or transverse direction T. 
In FIG. 2 three parallel first rail or track means 52F 
engage three guide pins 54. The first rail means 52F are 
aligned along the first of the two orthogonal directions 
of travel L. Similarly, the three parallel second rail or 
track means 52s would engage three guide pins 54 for 
travel along the second of the two orthogonal direc- 
tions of travel T. The first rail means 52F and the sec- 
ond rail means 52s intersect at right angles to each 
other forming the essentially planar, movable rail sys- 
tem 52 which is so proportioned relative to the grid of 
guide pins 54 that when positioned to move in one di- 
rection no guide pins are engaged by the other rail 
means, as seen in FIG. 2. 
As shown in FIG. 3, node direction changing means 
58 are located at each intersection of the first rail means 
52F and the second rail means 52S, for controllably 
directing the movement of platform B relative to said 
grid of guide pins 54 from one rail means to the second 
orthogonally intersecting rail means at the rail junctions 
62. 
As shqwn in FIG. 4, at least one first propulsion 
means 22F is mounted with the first rail means 52F for 
selectively engaging the drive engagement portion 54D 
of at least one guide pin 54 that has been engaged by the 
first rail means 52F and moves the first rail means 52F 
4,757,767 
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relative to the engaged guide pin 54. The first propul- 
sion means 22F extends the length of the first rail means 
52F to continuously engage a guide pin 54 along the 
complete path of the relative movement of the guide pin 
54 from one node direction changer 58 to the next node 
direction changer 58 encountered by the guide pins 54. 
Similarly, at least one second propulsion means 22s is 
mounted with the second rail means 52s for selectively 
engaging the drive engagement portion 54D of the 
guide pins 54 that have been engaged by the second rail 
means 52s and moves the second rail means 52s relative 
to the engaged guide pins 54. The second propulsion 
means 22s extends the length of the second rail means 
52s to continuously engage a guide pin 54 along the 
whole path of the relative movement of the guide pin 54 
from one node direction changer 58 to the next node 
direction changer 58 encouhtered by the guide pins 54. 
The first propulsion means 22F and second propulsion 
means 22s are positioned in a somewhat overlapped 
6 
The length of each track segment 60 is determined by 
the size of the pattern of the guide pins 54. As is best 
seen in FIG. 2, tracks 60 are assembled into the track 
grid 52 in such a way that the guide pins 54 engage the 
5 rail means 52F and 52s in either direction of travel L or 
T. A closer pattern of guide pins would thus require 
shorter distance between rails 60. 
FIG. 2 shows a typical track grid 52 attached to the 
underside of the platform B that has engaged or cap- 
10 tured three guide pins 54 in the first rail means 52F. The 
track grid 52 includes three parallel first rail means 52F 
and three parallel second rail means 52s and nine node 
direction changing means 58 located at each of the nine 
rail junctions 62. 
As shown in FIG. 3 and FIG. 4, in order to change 
directions, the platform system B is stopped by conven- 
tional means such that the node direction changing 
means 58 have captured or engaged and rest over the 
desired guide pins 54. The direction of movement is 
15 
manner such that either the first propulsion meansi2F 20 changedby thd action of a known actuator or gear and 
or the second propulsion means 22s can selectively pinion drive 74 which rotates all of the direction chang- 
engage a single guide pin 54 when such single guide pin ers 58 ninety (90) degrees in unison. At the rail junctions 
is positioned within the node direction changing means 62 (FIG. 3), there is a cylindrical cavity 48 into which 
58 located at the inter section 62 of the first rail means the direction changer 58 fits. The direction changer 58 
52F and the second rail means 52S, each of which have 25 generally comprises a block having similar T-shaped 
the propulsion means mounted thereto. The overlap of slots 20 therein to engage the rail engagement portion 
54R and communicate the rail engagement portion 54R 
from the T-shaped slot 20 of onetrack to the T-shaped 
slot 20 of an adjoining intersecting track 60. The 
30 changer must rotate only back and forth through 90 
the propulsion means provides for the change in orthog- 
onal directions of movement, such as from L to T or 
vice versa. 
As shown in FIG. 2, the guide pin means 54 provide 
for movement of the platform B in either a longitudinal 
L or transverse T direction in a plane parallel to and 
spaced apart from the plane created by the working 
surface 51, shown in FIG. 1. Preferably, the guide pins 
54 are removable from the support surface 51 in order 
that they may be mounted on those portions of the work 
surface 51 to which access is desired and removed from 
those portions of the work surface 51 that are no longer 
needed. In a truss arrangement, such as is shown in 
FIG. 1, the guide pins 54 are mounted at the intersection 
of the truss elements 66 that form the truss segments. 
As shown in FIG. 7, the rail engagement portion 54R 
of the guide pins are formed with a mushroom shaped, 
flared, or bulbous head portion 70 on top of a shank 72 
which is positioned in the T-shaped slot 20 of the rail 
means 52. The drive engagement portion 54D of the 
guide pins 54 include sprockets extending in a generally 
radial fashion from the shank portion 72 of the pin. 
Alternatively, the rail engagement portion 54R may 
include known friction reducing means such as bearings 
or rotating wheels to reduce friction caused by move- 
ment between the guide pins 54 and the rails 52 at any 
contact points. 
The rail means 52 generally comprise track or rail 
35 
40 
45 
50 
segments 60 of a desired length havidg a T-shaped cav- 55 
ity or slot 20 extending the length of the longitudinal 
axis of the rail means 52 (shown in FIG. 2). The T- 
shaped slot 20 communicates the head portion 70 from 
one end of the track 60 to the other end. The T-shaped 
slot 20 cooperating with the head 70 prevent the disen- 60 
gagement of the rail engagement portion 54R from the 
rail means 52. 
As shown in FIG. 4 and FIG. 5, the T-shaped tracks 
60 at the open side edges 64 of the rail system qr track 
grid 52, have “T” slots 20 cut in them which are flared 65 
at each end for easy engagement with the guide pins 54 
as the track grid 52 moves toward and engages the 
guide pins 54. 
degrees. 
As shown in FIG. 6 and FIG. 8, there are two sets of 
two overlapping propulsion means or chain drive sys- 
tems 22, which pivot up or down about axes of rotation 
68 on hinges 24, and are preferably located on opposite 
sides of the tracks 60. Generally the propulsion means 
22 include a continuous loop chain or belt 42 extending 
around two rotation points or pulleys 44. A known 
chain drive motor 76 may be attached to one of the 
rotation points to provide the energy to turn the belt 42. 
Such motor 76 is preferably a reversible motor that 
maintains the chain belt 42 rotating at a constant rate. 
Chain drive boxes 46 cover the drive or propulsion 
means while providing contact between the belt 42 and 
the drive engagement portion 54D of the guide pins 54. 
As is best shown in FIG. 5 and FIG. 7, the chain 
drive systems 22 propel the platform system B along the 
grid of guide pins 54, which guide pins contact a chain 
drive system 22 by way of an engagement sprocket 26 
having teeth 26T extending from the shank 72 of pin 54 
forming the drive engagement portion 54D. In order 
that more teeth 26T could be engaged by the chain 
drive 22, the engagement sprocket 26 could alterna- 
tively be square in shape. 
As shown in FIGS. 5 through 8, as the platform sys- 
tem B moves, one set of the propulsion means 22s to 
engage the guide engagement sprocket 26, while the 
other set, such as 22F, remains in a disengaged position. 
Each chain drive system 22F or 22s is used alternately 
for the desired longitudinal or transverse movement. As 
is shown in FIG. 8, both the first and second propulsion 
means 22F and 22s are synchronized so they will not 
interfere with each other as the chain drive systems 22 
are switched into and out of engagement with the guide 
pins. When the direction of movement of the platform 
system B is changed, the two sets 22F and 22s of chain 
drive systems 22 are reversed. As shown in FIG. 6 and 
FIG. 7, to disengage, a propulsion means 22 is rotated 
4.757,767 
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by conventional means 180 degrees clockwise about a 
hinge 24. At the same time, gaps 28 are opened in the 
tracks 60, which are perpendicular to the changed di- 
rection of movement of the platform system B, by piv- 
oting rail segments 30 by conventional means about a 
rail hinge 32 to permit passage. 
The direction changing sequence is summarized as 
follows: 
A. direction changers rotated 90 degrees. 
B. pivoting rail segments rotated up and out of the 
C. chain drive boxes rotated 180 degrees. 
D. pivoting rail segments pivoted back down into 
As shown in FIG. 1 and FIGS. 9 through 12, pivoting 
platforms C allow the moving platform system B to 
change work planes on a truss structure such as truss 
platform A where six resultant work platform faces 
exist. In addition to supporting braces 34 for pivoting, 
the pivoting platforms C have the same basic, uniform 
grid of guide pins 54 mounted so that the moving plat- 
form system B can be driven onto the pivoting plat- 
forms C. For transfer between two outer planes 51U, 
the combination of the platform system B and the outer 
pivoting platform C1 is pivoted 120 degrees about a 
tripod junction 36 on the end 51E of the working sur- 
face 511 at which position the platform system B can 
transfer onto the adjacent plane 51U. As shown in 
FIGS. 13 through 16, for transfer from an outer plane or 
upper working surface 51U to an inner plane or lower 
working surface 51L, the inner pivot platform C2 ro- 
tates 180 degrees about a bi-segment junction 38 at an 
end 51E of the working surface 51 and translates along 
the axis of rotation 40 to align the guide pins 54. 
FIG. 17 is an embodiment of a dual keel space station 
showing the platform B moving about the work sur- 
faces. As previously mentioned, the present invention 
will provide transportation on any planar structure 
way. 
normal position. 
8 
rests above each of the engaged guide pins 54. As 
shown in FIG. 3, after the track grid 52 stops, direction 
changers 58, located within the rail junctions 62, rotate 
90 degrees in unison, such that the track grid 52 is then 
5 free to translate in a direction 90 degrees from the previ- 
ous direction of motion. As shown in FIG. 7, during the 
direction change sequence, rail sections 30 are rotated 
180 degrees about the rail hinge 32 to create gaps 28 in 
the track 60 near the rail junction 62. Then all the previ- 
10 ously engaged propulsion means 22F or 22s are rotated 
180 degrees through the newly formed gaps, thus be- 
coming disengaged. Soon thereafter, the propulsion 
means 22s or 22F, which was at first in a disengaged 
position, is then rotated 180 degrees into an engaged 
15 position, whereupon the rail sections 30 are pivoted to 
the original position through 180 degrees completing 
the transition. 
As shown in FIG. 2, the coordination of engaging 
either the first propulsion means 22F or the second 
20 propulsion means 22s in conjunction with the direction 
changers 58 results in the movement of the track grid 52 
across the uniform grid of guide pins 54 in a in either of 
the two orthogonal directions L or T in a step-wise 
fashion. The ultimate movement of the track grid 52 to 
25 any desired position is achieved by combining moves in 
the two orthogonal directions L and T. 
In a configuration of a space station or structure such 
as that of FIG. 1 where six work platform faces exist, 
there are three outer work planes 51U and three inner 
30 work planes 51L. As is best shown in FIGS. 9 through 
12, the pivoting platforms Cl allow the platform system 
B to go from one outer plane 51U to another outer plane 
51U. Because the pivoting platform C1 has the same 
basic pattern of guide pins 54 mounted on its surface, 
35 the platform system B can be driven onto the pivoting 
Dlatform. Once the Dlatform svstem B rests fullv onto 
the pivoting platforh C, the combination of thk plat- 
form system B and the pivoting platform C1 is pivoted 
120 degrees, at which position the platform system B which is provided with a properly positioned set of 
guide pins. 
OPERATION 
Even when the face members of the truss platform A 
lie in planes at zero degrees, 120 degrees and 240 de- 
grees from one another, the MRMS moves in two or- 
thogonal directions in each of the planes. As shown in 
FIGS. 7 and 8, the MRMS is propelled by retractable 
chain drives or propulsion means 22 which rotate at a 
constant rate and are each powered by a known revers- 
ible motor 76. The continuous loop chains 42 of the 
chain drive system engage the stationary sprockets 26 
located on the guide pins 54 to propel the platform B 
along the desired direction of travel. The sprockets 26 
are the key elements for maintaining the motion of the 
MRMS. As shown in FIG. 2, at any one time, there is at 
least one guide pin 54 and sprocket 26 being engaged by 
a set of chain drive boxes 22B. Similarly, the track grid 
system 52 will engage a plurality of guide pins 54 at any 
one time. The guide pins 54 are removable from the 
supporting surface 51U or 51L, shown in FIG. 1, and 
can be placed only in the locations desired for travel. 
Tracks 60 which are Darallel to an engaged chain 
40 can transfer onto the adjacent plane 51U. 
As shown in FIGS. 13 through 16, the procedure for 
traversing from an outer plane 51U to an inner plane 
51L is the same as that for going from an outer plane 
51U to another outer plane 51U, with the exceptions 
45 being an increase in the angle of rotation and an axial 
translation. After the platform system B is driven onto 
the pivoting platform C2, the combination of the pivot- 
ing platform C2 and the platform system B is pivoted 
180 degrees. The same combination is then translated 
50 along the axis of rotation 40 to align the guide pins 54, 
whereupon the platform system B can transfer onto the 
inner plane 51L. 
The foregoing disclosure and description of the in- 
vention are illustrative and explanatory thereof, and 
55 various changes in the size, shape and materials, as well 
as in the details of the illustrated construction may be 
made without departing from the spirit of the invention. 
We claim: 
1. A mobile remote manipulator system for the con- 
60 trolled movement of a load selectively in one of two 
orthogonal directions across a supporting planar sur- 
face, the invention comDrising: 
I -  
drive set guide the direction of travel along t6e path of 
engaged guide pins 54. The rotation of the engaged 
chain drive causes the track grid 52 to translate in the 65 
path of the tracks 60 at a near uniform traversing veloc- 
ity. To change the direction of movement, the track 
grid 52 is stopped in such a way that a rail junction 62 
a plurality of guide pin means extending in a uniform 
pattern from the supporting planar surface for 
guiding movement in a plane parallel to and apart 
from the supporting planar surface; said guide pin 
means formed having a rail engagement end and a 
drive engagement portion; 
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a mobile platform having parallel first rail means and 
parallel second rail means for engaging the engage- 
ment end of said guide pin means; the longitudinal 
axes of said first rail means are alignable along the 
first of the two orthogonal directions of travel; and, 5 
the longitudinal axes of said second rail means are 
alignable along the second of the two orthogonal 
directions of travel; 
said first rail means and said second rail means inter- 
secting at essentially right angles to each other 10 
forming an essentially planar, movable track sys- 
tem; 
node direction changing means located at each inter- 
section of said first rail means and said second rail 
means for controllably directing the movement of 15 said first and second rail means comprise: 
said track system from one rail means to the second a rail having an essentially T-shaped cavity formed 
intersecting rail means; extending from one end to the opposite end of the 
at least one first propulsion means pivotally mounted length of said rail; said T-shaped cavity being com- 
on the first rail means for selectively engaging said plementary to said shank portion to engage and 
drive engagement portion of said guide pin means 20 retain said bulbous head while the shank portion 
that has been engaged by said first rail means and extends from the rail allowing movement of said 
for moving said first rail means relative to the en- rail engagement end of said guide pin means along 
gaged guide pin means; said first propulsion means the length of the rail. 
extends the length of the first rail means to continu- 6. The invention of claim 5, wherein said rail further 
ously engage a guide pin means along the relative 25 includes a flared end for easy engagement of said guide 
movement of the first rail means from one node 
direction changing means to the next node direc- 7. The invention of claim 5, wherein said node direc- 
tion changing means; 
at least one second propulsion means pivotally a block formed having a complementary T-shaped 
mounted on the second rail means for selectively 30 cavity to engage said bulbous head of said guide 
engaging said drive engagement portion of said pin means; and, 
guide pin means that has been engaged by said actuator means to controllably rotate said T-shaped 
second rail means and for moving said second rail cavity of said block between alignment with the 
means relative to the engaged guide pin means; said T-shaped cavity formed in a first adjoining rail and 
second propulsion means extends the length of the 35 alignment with the T-shaped cavity formed in a 
second rail means to continuously engage a guide second adjoining rail, with the second adjoining 
pin means along the relative movement of the sec- rail positioned orthogonally to the first adjoining 
ond rail means from one node direction changing rail. 
means to the next node direction changing means; 8. The invention of claim 1, wherein said first and said 
and, 
said first propulsion means and second propulsion a continuous belt drive complementary to said drive 
means positioned in an overlapped manner such engagement means and mounted having a segment 
that either a first propulsion means or a second for positive engaging said drive engagement means 
propulsion means can selectively engage a single of the guide pin means when engagement is de- 
guide pin means when such single guide pin means 45 sired; and, 
is positioned within the node direction changing reversible motor means for controllably rotating said 
means located at the intersection of the first rail continuous belt drive in either the forward or re- 
means and the second rail means; verse directions. 
whereby the mobile platform may be moved along the 9. The invention of claim 8, wherein said motor 
supporting surface in either of the two orthogonal 50 means rotates at a constant rate of speed. 
directions through the controlled coordination of 10. The invention of claim 1, wherein the first propul- 
said first propulsion means, said second propulsion sion means rotates into selective engagement with the 
means and said node direction changing means. guide pin means about an axis parallel to the longitudi- 
2. The invention of claim 1, wherein a plurality of the nal axis of the corresponding first rail means; and, the 
55 second propulsion means rotates into selective engage- 
a work structure having adjoining, planar segments ment with the guide pin means about an axis parallel to 
the longitudinal axis of the corresponding second rail 
3. The invention of claim 1, wherein a plurality of the means; whereby, either the first propulsion means or the 
second propulsion means is in engagement with the 
a work structure having adjoining, essentially planar 60 guide pin means, but not both propulsion means are 
segments forming working surfaces; and, engaged at one time. 
at least one pivoting platform having a supporting 11. The invention of claim 10, wherein the first and 
surface with guide pin means extending from the second rail means further include: 
supporticg surfaces in said uniform pattern; said pivoted end portions to controllably pivot out of the 
pivoting platform mounted at the intersection of 65 path of the first or second propulsion means rotat- 
two adjoining planar segments to pivot said sup- ing into engagement with the guide pin means. 
porting surface of said pivoting platform between 12. A mobile remote manipulator system for the con- 
alignment with the work surface of one planar trolled movement of a load selectively in one of two 
segment and alignment with the work surface of 
the adjoining planar segment; 
whereby, said moveable track grid can be driven onto 
said pivoting platform and transferred from one 
working surface to an adjacent working surface 
through pivoting of said platform. 
4. The invention of claim 1, wherein said drive en- 
gagement portion of said guide pin means comprises: 
a plurality of guide pin sprockets extending uniformly 
from the lower portion of said guide pin means. 
5. The invention of claim 1, wherein said rail engage- 
a shank portion having a flared head extending there- 
ment end of said guide pin means comprises: 
from; and, 
pin means. 
tion changing means includes: 
40 second propulsion means include: 
supporting surfaces are formed comprising: 
forming working surfaces. 
supporting surfaces are formed comprising: 
4,757,767 
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orthogonal directions across a supporting planar sur- 
face, the invention comprising: 
a plurality of guide pin means extending in a uniform 
pattern from said supporting planar surface for 
guiding movement in a plane parallel to and apart 5 
from the supporting planar surface; 
said guide pin means formed having a rail engage- 
ment end and a drive engagement portion, wherein 
said rail engagement end consists essentially of a 
shank portion having a flared head extending there- 
from, and wherein said drive engagement portion 
consists essentially of a plurality of guide pin 
sprockets extending uniformly from the lower por- 
tion of said guide pin means; 
a mobile platform having parallel first rail means and 
parallel second rail means for engaging the engage- 
ment end of said guide pin means; the longitudinal 
axes of said first rail means are alignable along the 
first of the two orthogonal directions of travel; and, 
the longitudinal axes of said second rail means are 
alignable along the second of the two orthogonal 2o 
directions of travel; 
said first rail means and said second rail means inter- 
secting at essentially right angles to each other 
forming an essentially planar, movable track sys- 
tem; 25 
the fmt and second rail means each consisting essen- 
tially of a rail having an essentially T-shaped cavity 
formed extending from one end to the opposite end 
of the length of said rail; said T-shaped cavity being 
complementary to said shank portion of the drive 30 
pin means to engage and retain said bulbous head 
while the shank portion extends from the rail al- 
lowing movement of said rail engagement end of 
said guide pin means along the length of the rail; 
node direction changing means located at each inter- 35 
section of said first rail means and said second rail 
means for controllably directing the movement of 
said track system from one rail means to the second 
intersecting rail means; 
said node direction changing means including a block 40 
formed having a complementary T-shaped cavity 
to engage said bulbous head of said guide pin 
means, and including actuator means to controlla- 
bly rotate said T-shaped cavity of said block be- 
tween alignment with the T-shaped cavity formed 45 
in a first adjoining rail and alignment with the T- 
shaped cavity formed in a second adjoining rail, 
with the second adjoining rail positioned orthogo- 
nally to the first adjoining rail; 
at least one first propulsion means pivotally mounted 
on the first rail means for selectively engaging said 
drive engagement portion of said guide pin means 
that has been engaged by said first rail means and 
for moving said first rail means relative to the en- 
gaged guide pin means; said first propulsion means 
extends the length of the first rail means to continu- 55 
ously engage a guide pin means along the relative 
movement of the first rail means from one node 
direction changing means to the next node direc- 
tion changing means; 
at least one second propulsion means pivotally 60 
mounted on the second rail means for selectively 
engaging said drive engagement portion of said 
guide pin means that has been engaged by said 
second rail means and for moving said second rail 
means relative to the engaged guide pin means; said 65 
second propulsion means extends the length of the 
second rail means to continuously engage a guide 
pin means along the relative movement of the sec- 
50 
ond rail means from one node direction changing 
means to the next node direction changing means; 
and, 
said first propulsion means and second propulsion 
means positioned in an overlapped manner such 
that either a first propulsion means or a second 
propulsion means can selectively engage a single 
guide pin means when such single guide pin means 
is positioned within the node direction changing 
means located at the intersection of the first rail 
means and the second rail means each having the 
propulsion means mounted; 
whereby the mobile platform may be moved along the 
supporting surface in either of the two orthogonal 
directions through the controlled coordination of 
said first propulsion means, said second propulsion 
means and said node direction changing means. 
13. The invention of claim 12, wherein a plurality of 
a work structure having adjoining, planar segments 
14. The invention of claim 12, wherein a plurality of 
a work structure having adjoining, essentially planar 
segments forming working surfaces; and, 
at least one pivoting platform having a supporting 
surface with guide pin means extending from the 
supporting surfaces in said uniform pattern; said 
pivoting platform mounted at the intersection of 
two adjoining planar segments to pivot said sup- 
porting surface of said pivoting platform between 
alignment with the work surface of one planar 
segment and alignment with the work surface of 
the adjoining planar segment; 
whereby, said moveable track grid can be driven onto 
said pivoting platform and transferred from one 
working surface to an adjacent working surface 
through pivoting of said platform. 
15. The invention of claim 12, wherein said rail end 
further includes a flared end for easy engagement of 
said guide pin means. 
16. The invention of claim 12, wherein said first and 
said second propulsion means include: 
a continuous belt drive complementary to said drive 
engagement means and mounted having a segment 
for positive engaging said drive engagement means 
of the guide pin means when engagement is de- 
sired; and, 
reversible motor means for controllably rotating said 
continuous belt drive in either the forward or re- 
verse directions. 
17. The invention of claim 16, wherein said motor 
means rotates at a constant rate of speed. 
18. The invention of claim 12, wherein the first pro- 
pulsion means rotates into selective engagement with 
the guide pin means about an axis parallel to the longitu- 
dinal axis of the corresponding first rail means; and, the 
second propulsion means rotates into selective engage- 
ment with the guide pin means about an axis parallel to 
the longitudinal axis of the corresponding second rail 
means; whereby, either the fmt propulsion means or the 
second propulsion means is in engagement with the 
guide pin means, but not both propulsion means are 
engaged at one time. 
19. The invention of claim 18, wherein the first and 
second rail means further include: 
pivoted end portions to controllably pivot out of the 
path of the first or second propulsion means rotat- 
ing into engagement with the guide pin means. 
the supporting surfaces are formed comprising: 
forming working surfaces. 
the supporting surfaces are formed comprising: 
* * * * *  
